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PROCEDURE 
13-25-35 

CHAPTER  13  Drainage 

SECTION  25  Storm Sewer Design 

SUBJECT  35  Hydraulic Design of Storm Sewers 

This procedure lists the available design aids and discusses the theoretical concepts 
needed to hydraulically design a storm sewer system operating under full flow and pressure 
flow conditions.  In addition, criteria for pipe diameter strength, alignment, and flow line depth 
are discussed under the heading " Standards for Storm Drain Pipes." 

Further discussions on storm sewer design may be found in the ASCE book entitled 
"Design and Construction of Sanitary and Storm Sewers."(1) 
Design Aids 

The first flow friction formula used to design closed conduits (partially full, full, or pressure 
flow) and open channels was published by Kutter in 1869 and is known as Kutter's Formula. 
Since then, additional flow friction formulas that have gained widely acceptable usage are (1) 
the Darcy-Weisbach Equation, (2) the Manning Formula, and (3) the Hazen-Williams 
Formula. 

Because of its simplicity, the Manning Formula is used by the Department of 
Transportation for the design of closed conduits under partially full, full, or pressure flow 
conditions.  For the Manning Formula, the full flow capacity of a specific pipe size is a 
function of pipe slope and roughness coefficient (Manning's n equals Kutter's n) (see Figure 
1). 

The design of closed conduits in a partially full flow condition through the direct application 
of the Manning Formula can be accomplished only through trial and error.  However, faster 
design of closed conduits in partially full flow, full flow, or pressure flow may be accomplished 
through the use of one or more of the following design aids: 
1. Circular pipe flow charts - Bureau of Public Roads, "Design Charts for Open-Channel 

Flow," Hydraulic Design Series No. 3, Charts 35 to 52. (5) 
2. A nomograph for the solution of the Manning Formula in conjunction with a graph of 

hydraulic elements for a circular section - See Figures 2 and 3, respectively. 
3. Nomographs for the direct solution of pipe flow - See Figures 4 and 5. 
4. Slide rules - Solution of Manning Formula, copyright 1973, American Concrete Pipe 

Association; and Solution of Kutter's Formula, copyright 1947, 1961, Irving Goldfein, Civil 
Engineer, Bureau of Engineers, Municipal Building, Milwaukee, Wisconsin. 

Conduit Design - Full Flow 
Tentatively, the pipe gradient is set equal to the pavement gradient, then a pipe size is 

selected that approximately equals the design flow under full flow conditions.  Generally, no 
standard size pipe will carry the design flow exactly at full depth flow.  Therefore, the next 
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larger size pipe must be selected, the pipe gradient modified, or both. 
Some publications state that storm sewer pipes should be designed for a 0.8 full flow 

condition.  However, the capacity of a pipe is the same at a 0.8 full flow condition as at a full 
flow condition, and hence either design method will produce the same required pipe size. 
Although the capacity of a pipe is largest between a 0.8 full flow condition and a full flow 
condition, pipes should never be designed for flow in this very unstable, unpredictable flow 
region. 

Under special conditions, such as connecting to an existing undersized storm sewer 
system, or backwater from a receiving stream, etc., pipes may be allowed to operate under 
pressure, provided the hydraulic head does not cause any pavement flooding or property 
damage. 

For normal full flow pipe design, no allowance need be or shall be made for energy losses 
at bends, joints, and transitions, unless anticipated high-energy losses could cause flooding 
problems.  When pressure flow conditions are encountered, the system must be designed for 
the high-energy losses produced by the pressure-induced high flow velocities.  Too large a 
pressure flow can cause pavement flooding, basement flooding, manhole cover popping, etc. 
Pressure Flow 

Storm sewer systems operating under pressure flow must be designed for energy losses 
(head losses).  These energy losses are used to determine the energy grade line and the 
hydraulic grade line of a storm sewer system.  This section briefly explains these hydraulic 
concepts. 

There are six categories of energy loss that should be considered.  They are: 
Manhole losses Exit losses 
Inlet losses Bend losses 
Entrance losses Friction losses 
Manhole Losses 
Manhole losses may be determined by using the procedure presented in the "Urban 

Drainage Design" (4).  The manhole loss coefficient for storm drain design can be evaluated 
by K x (Vo

2/2g) where K can be approximated by: 
K = KoCDCdCQCpCB 

where:
 K = adjusted loss coefficient
 Ko= initial head loss coefficient based on relative manhole size.
 CD= correction factor for pipe diameter (pressure flow only)
 Cd= correction factor for flow depth (non-pressure flow only)
 CQ= correction factor for relative flow.
 CB= correction factor for benching.
 Cp= correction factor for plunging flow. 

A discussion follows on each of the correction factors. 
Relative Manhole Size: Ko is estimated as a function of the relative manhole size and the 

angle of deflection between the inflow and outflow pipes. 
Ko = 0.1 (b/Do)(1-sin Æ) 

+ 1.4 (b/Do)0.15 sin Æ 
where:
  Æ = the angle between the inflow and outflow pipes
  b = manhole diameter
 Do = outlet pipe diameter 
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Pipe Diameter: The correction factor for pipe diameter is significant only in pressure flow 
situations when the ratio of the water depth in the manhole(d) to the outlet pipe diameter 
(Do), d/Do, is greater than 3.2. 

CD = (Do/Di)3 

where: 
Di = incoming pipe diameter 
Do = outgoing pipe diameter 

Flow Depth: The correction factor is significant only in cases of free surface flow or low 
pressures, when d/Do ratio is less than 3.2 and is only applied in such cases.  The water 
depth in the manhole is approximated as the level of the hydraulic grade line at the upstream 
end of the outpipe.  The correction factor for flow depth, Cd is calculated by: 

Cd = 0.5 (d/Do)0.6 

where: 
d = water depth in manhole above outlet pipe 
Do = outlet pipe diameter 

Relative Flow: The correction factor for relative flow, CQ, is a function of the percentage of 
flow coming in through the pipe of interest as well as the angle of the incoming flow versus 
other incoming pipes.  It is calculated by the following: 

CQ = (1-2 sinÆ) x [1 - (Qi/Qo)] 0.75 + 1 
where: 
CQ = correction factor for relative flow 
Æ = the angle between the inflow and outflow pipes. 
Qi = flow in the inflow pipe 
Qo = flow in the outflow pipe 

The example below illustrates two situations to determine the impact of pipe #2 entering 
the manhole. 
Example 1
Q1 = 6 cfs, Q2 = 3 cfs 
Q3 = 9 cfs then 
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CQ = (1-2 sin 180°) x [1 - (6/9)].75 + 1
 
= 1.44
 

Example 2
Q1 = 3 cfs, Q1 = 6 cfs 
Q3 = 9 cfs then 

CQ = (1-2 sin 180°) x [1 - (3/9)].75 + 1 
= 1.74
 

** Free surface flow,  d/Do < 1.0
 
A linear interpolation is performed for flow depths between the submerged and
 

unsubmerged conditions.  The following schematic shows each of the four conditions 
described above. 

To estimate the head losses through a manhole from the outlet pipe to a particular inlet 
pipe, multiply the correction factors together to get the head loss coefficient, K.  Then, 
multiply K by the velocity head in the outflow pipe to estimate the minor loss for the 
connection. 

Manhole losses may also be determined by using the design methodologies, design 
charts and examples of pressure flow design given in the University of Missouri Bulletin 
entitled "Pressure Changes at Storm Drain Junctions."(2) 

Inlet Losses 
Inlet losses may be determined by using the design methodologies, design charts and 

examples of pressure flow design given in the University of Missouri Bulletin entitled 
"Pressure Changes at Storm Drain Junctions."(2) 

Entrance, Exit, and Bend Losses 
The general equation for these losses, expressed as a function of pipe flow velocities, is: 

H = K V2/2g
where: 
H = head loss 
K = loss coefficient 
V = average pipe velocity 
g = 32.2 ft/sec2 
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Entrance losses need only be considered when the storm sewer originates at a culvert. 
Entrance loss coefficients Ke for various entrance conditions can be obtained from HDS #5, 
(3) Table 12. 

Exit losses for sewer pipe discharging into a receiving stream will produce an energy loss 
at its outlet equivalent to one velocity head; K equals 1.0. 

Bend loss coefficient Kb values for curvilinear and miter bends can be 
obtained from Figures 6 and 7. 

Friction Losses 
The largest losses in a storm sewer system are friction losses.  They are directly related to 

the velocity in the pipe and hence the higher the velocity, the greater the friction loss and vice 
versa.  The slope of the friction loss can be estimated by using Figures 4 (corrugated metal 
pipe) and 5 (concrete). 

The total frictional head loss in a given length of pipe can be computed with the following 
equation: 

Hf = SfL 
where: 
Hf= head loss for friction 
Sf= slope of the energy grade line 
L = length of the conduit 
Energy and Hydraulic Grade Lines (EGL and HGL)

The energy grade line shows the total energy at any point in a storm sewer, whereas the 
hydraulic grade line shows the pressure head or the water surface level in open tubes if they 
are inserted in the pipe.  The EGL must always drop in the direction of flow; however, the 
HGL may rise at hydraulic structures, such as manholes. 

The EGL and the HGL might need to be calculated when part of the storm sewer system 
might be operating under pressure whether or not the outfall is submerged.  These 
computations are made starting at the outfall where the EGL and HGL coincide at the water 
surface of the discharge pond. 

The EGL for a storm sewer is determined by adding the energy losses in a progressive 
manner from the outfall to the upper end of the system.  The elevation of the HGL can be 
determined by subtracting from the elevation of the EGL the value of the velocity head 
(V2/2g) for each individual pipe. 

For a step-by-step methodology of the determination of the EGL and HGL for surcharged 
full flow, see Procedure 13-25-45. 
Hydraulic Standards for Storm Drain Pipe 

Minimum Pipe Slope
Minimum full flow velocity shall be 2.5 fps, and preferably 3 fps, to prevent deposition of 

solids.  If the design flow rate based on future conditions is appreciably larger than the 
present flow rate, it may be advisable that the minimum pipe slope be checked with the 
present flow rate.  Desirable full flow velocity shall be 10 to 15 fps.  For some standard size 
concrete pipe (n = 0.013), the minimum slopes required to maintain a self-cleaning velocity of 
2.5 or 3.0 fps at full flow are as follows: 

Pipe Diameter (Inches) Minimum Slope (Ft./Ft.) 
2.5 fps 3.0 fps 

12 .0030 .0044 
15 .0023 .0032 
18 .0018 .0025 
24 .0012 .0017 
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In the majority of cases, the flow line depth is determined by the conduit size and the 
slope requirements.  However, additional factors, such as hydraulic grade line elevations, 
lateral connections, vertical clearance of obstructions, etc., may also, in certain cases, control 
the required flow line depth.  Moreover, the flow line depth of the conduit should be set to 
maintain the calculated hydraulic grade line (water surface elevation) at inlets, junction 
chambers, and manholes at one foot (300 mm) or more below the grate or cover.  If 
practicable, the crowns of pipes connecting to inlets, junctions, and manholes should be held 
at the same elevation. See the sketch below. 

REFERENCES 
(1) American Society of Civil Engineers and Water Pollution Control Federation, Design 

and Construction of Sanitary and Storm Sewers, ASCE No. 37 or WPCF No. 9, New 
York, New York, 1991, 332 pp. 

(2) (2)Sangster, W.M., Wood, H.W., Smerdon, E.T., and Bossy, H.G., "Pressure Changes 
at Storm Drainage Junctions," University of Missouri, Engineering Experiment Station 
Bulletin 41, 1958, 132 pp. 

(3) U.S. Department of Transportation, Federal Highway Administration, Hydraulic Design 
of Highway  Culverts, Hydraulic Design Series No. 5, September 1985. 

(4) U.S. Department of Transportation, Federal Highway Administration, Urban Drainage 
Design,  Publication No. FHWA-HI-89-035, April 1989. 

(5) (5)U.S. Department of Transportation, Federal Highway Administration, Design Chart 
for Open - Channel Flow, Hydraulic Design Series No. 3, August 1961. 
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Graphic Solution of the Manning Equation 

From Hydraulic Design Series No. 3, “Design Charts for Open-Channel Flow” 
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from Hydraulic Design Series No. 3, "Design Charts for Open-Channel Flow" 
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Capacity and Velocity Diagram
 
For Circular Concrete Pipe Flowing Full
 

Nomograph based on Manning’s formula for circular pipes 
flowing full in which n=0.013. 
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Sewer Bend Loss Coefficient
 

Source: Denver Regional Council of Governments,
                “Urban Storm Drainage” 
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LOSS COEFFICIENTS FOR MITER BENDS 

Source:  Wis. Concrete Pipe Assoc., Curvilinear Alignments for 
Sewers 
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